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Part | - 2d Conformal Interfaces



Conformal [nterfaces in 2d

- Interfaces - codimension one extended objects which split
the system into two-

00000000

- Conformal Interfaces - separate two critical systems and
preserve a large subgroup of the conformal symmetry-

-In 2d these are impurities which preserve one copy of the
Virasoro algebra-



Conformal /ntechgces in 2d
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- Preserves Virasoro generators which do not displace the interface:
L +(—D"L,

- Enerqy conservation implies a gluing condition:
Ty, — Tplx=0- = Tr — Trly=0+

- Displacement operator D(x) =T, + T, — Tp — T




Conformal [nterfaces in 2d

- Two-point functions of the stress tensor are completely fixed by

the conformal symmetry
T @T,wW), =2 (T@OT,w), =L
(Te(DTeW)) = 225 (T (DT (@), = =22

- New coefficient in left-right correlations
2 _ _ 2
Ty = 22 @ @T @), = 2

- L — (cL—cLr)/2 = L — (cCrR—CLR)/2
(AT, (W)Y, = CDE (T ()T (W), = i

CFTy,




Conformal [nterfaces in 2d

- Stress-tensor three-point functions are fixed by the
same coefficients (z & —z, L & R)

(TL(Zl)TL(Zz)TL(Z3)>I — CL

(z1—22)%(22—23)%(2z3—21)?

(T, (2) T, (22)Tr(23)); = CLR

(z1-22)%(22—23)%(23—21)?

(TL(Z1)TL(ZZ)TL(Z_3))I — CL—CLR

(z1—22)%(22+23)%(Z23+21)?

- Four-point functions depend on the details of the theory-



Enerqgy Reflection and Transmission
- Scattering experiment

transmitted energy __reflected energy

R =

incident energy incident energy

T =

- Different transmission from left and right

RL,R: TL,R
CFTg, CFTg
- Universality - scattered and = -
reﬂected energ I’S Completely reflected transmitted
independent of the details of the |7
incoming excitation:-
incidmyﬂ
Quella, Runkel, Watts (2007) L

Meineri, Penedones, Rousset (2079)



Enerqgy Reflection and Transmission

__CLR

_ CLr _
Jp = » IR o
ANEC implies 0<T,R<1
0 <c;p < min(cy, cp)
4 _ CR I
0 <7, <min (1,C—L)
0 <Jp <min (1,2)
CR
\ J

Quella, Runkel, Watts (2007)
Meineri, Penedones, Rousset (2079)

:RL,R =1- TL,R

CLR C—LR
e
(L CR

ANEC implies 0<T,R<1

0 < ¢z < min(cy, cp)

:RL,R =1- TL,R



CFTp,

Meineri, Penedones, Rousset (2079)

How is this proven?

CFTg

z

< -
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Sz—% dzT(Z2)



Meineri, Penedones, Rousset (2079)

How is this proven?

Proven using CFT techniques on

. (Or,D|Er|OL, D),
= |
To = lim (Or, D|€1|01, D)
m — i (O DIEL|Or, D)y = (Or, D|EL|OL, D)
L= pha (Or,D|EL|OL, D)

Limitations

- in the presence of an extended symmetry - different charges
scatter differently-

- Multiple holomorphic quasi-primaries of spin two — reflection
becomes state dependent:



Part |l - The Thin Brane Model



Ho /09 raph[.c /n 'be r'FaCes Two different cosmological

constants encode different

H bOttom UP GPPI"OGC/? central charges (;?L”;he two

sidesviacpp = e
N

- Thin brane in AdS; / /

S = -+ ! [ d®xp/—g R + -
B T6nGy” = RVI\T T2
Brane tension — » 5 , f% ,
~)f d*xy=7 st = [dy? +duf — def]
Induced metrlc/ ;

{2
- Solve Einstein equations in the left/right dsk _F[dyR + dug —
R

- [srael matching conditions determine the / CFTy,

location of the brane YiLaB = VRapB k

K af KLﬁ = — 87160)/“3 AdSs




The Thin Brane Model

- Stable solutions with a thin AdS, brane exist as long as

=

br 4
- The solution consists of two patches of AdS;
connected along an AdS, brane with

29 LR __tan 0;+tan Op

< 8160 < — + —
_T[O-_fR fL

cos 0 cos Op 8mGo

Interface

- Boundary entropy is fixed
by the tension-

Bachas (2002)
Azeyanagi, Karch, Takayanagi, and Thompson (2007)



Enerqgy Reflection and Transmission in
the Thin Brane Model

Why?

- Better understanding of enerqgy reflection and transmission
in strongly coupled models with large central charges:

- Can we improve the reflection and transmission bounds?

- Understand better the thin brane model:

this model is being very much
used recently in the studies Black Hole | § T
of the Page curve: livesonthe [ &% .

brane

------------

Works by: Almheiri, Mahajan, Maldacena, Zhao; Rozali, Sully, .- S |
Van Raamsdonk, Waddell, Wakeham; Chen, Myers, Neuenfeld, Reyes, Sandor .........




Part Il - Energy Reflection and
Transmission in Holography



Final Result

- The transmission coefficients depends monotonically on the

tension s

\_

TL,R —

—1
+ 8TL'GO'] Higher tension =

less transmission

_I_
{1 R [fL p
J

- The transmission is fixed by the tension - just like the
boundary entropy- But this is just because our model has
a single parameter-

- Obtain bounds on the transport

{ R <TL<mm(1 CR)

CrRt+Cy,

< T <mm(1 CL) J

CR+CL CR

CL

- Upper bound matches ANEC- Lower bound is stronger-



Final Result

CR
{ <TL<mm(1 CR) < T <mm(1 CL)}
CrRt+Cy, Cl, CR+CL CR

- Can’t transmit fully from a higher central charge to a lower
central charge-

- Complete transmission from both sides -
equal central charges and a tensionless string
(topological interface)-

- Total reflection (zero transmission) from a given side -
only for cg/cy, = 0 (depleting one of the CFTs of d-o-fs, relative
to the other), BCFT limit- This is different from generic CFTs-



Derivation

-Bulk solution corresponding to a scattering experiment?
want stress tensor with left and right moving waves

(Téﬁ)dxfdxf = ¢|1 et d (¢, —u;)? +R et (e, +uy)?| + c.c.
(Tfﬁ)dxf{dxg = € T3 e UR"UR d (tp — up)? + c.cC

Characteristic
frequency w

- 2d Bulk solution is completely fixed
,_2ay? [P9ap . @ v @ oaq s " 7
ds* = N + 2 t9ap v 2905 dw*dw . T tr N\

gfﬂ) = 4G£(Taﬁ) g(4) — 9(2)(9(0))_1g(2)




Brane Ansatz

-Without the metric perturbation the two sides were
matched along a brane with angles 0; and 0 -

-With the perturbation the brane gets perturbed and we
want to find its shape-

-Location of the brane: x;p = €e'® 6, p(z) +c.c.  e=ctiel

ty
4 G cos Og

-Matching the two sides: =

ZLrR =ZtE€ ?iwt(L,R (2) .

Gauge invariance
(=( —Cgand A=A, —Ag t,x,7




Brane Equations " Israel matching

Two of the equations are redundant due Yiap = VR,ap
to momentum constraint: D*Kyg — DgK = 0 KR _ gL — _ 8nGoy
S af af apf P
_ 5 [cos O, cos Oy
A+iwzl =z [ z (I+R) — > ] 4 Unknowns: N
_ { - z matching
iwz{ —z0,A = z3[sin Opcos BT + sin B, cos 8, (1 — R)] A - t matching
) D = 5L — 5R,
sin® O cos @ sin® 8, cos @ A = tan 0,6, + tan OrSr —
zaZ§+A=23[ T ————L(1+R) _ MR =
1 sin 8, cos® 8, sin @pcos? Oy
9,0 =z3|—(A—-R—T) - [+R)—
20z z [iwz( ) 2 (I+R) 2
. o . . brane
[ = o~ iwsin QLZ’ R =R, el®sn 01z , T = 7} et@sin Orz

‘W &28/

Superluminal waves: e*®(t=sin62)

like sea waves hitting an oblique seashore



4 { - z matching

Solution D = 5 i
D =6, — 6y

A =tan6;8; +tanOrdp — ¢ )

Two integration constants
-

—ilw sin 01,z

A(z . - : 1 1
(2) =La)z _|_—la)Z +——(I+R) ————T [=¢
7 w?cos 6, w?cos Oy —
R = R ela) sin 0.z
T = T lwsin Oz

L lwz —lwz
Z)=—\a,e —a_e
(@) = (ay )
cos 6,z [ sin8;cos 6} _ sin Opcos Op
————({+R) - 3 (I—R) (tan 0, + 5 a)222> — ET (tan Og + icos Opwz + > a)zzz>
i . :
A(z)=—(a,e'®? + a_e ¥
(2)= = (a4 ) § ]
Source for the n - _(1+R) (1_Cos2 szzz>_ - 3T(1_cos2 Ra)222>
displacement operator cosv,w COS Upw
2
cos“ 6
K a)222>

— i cos? @ sinf; z
D(z) _ —5(I—R)<1+ 5 La)222>+ a)L (I+R)+—T<1—lsm9Ra)2+ >

Homogenous solution - {((z=0)=A(z=0)=D(z=0)=0 all the
integration constants vanish-




Solution

- Israel matching conditions - 4 differential equations for
the unknown functions-

- Just 3 integration constants - to be fixed using boundary
conditions-

- Imposing boundary conditions
6r (0) = 6,(0) =¢(0) =1(0) =0
fixes the three mtegrat/on constants and =R, + 7, =1
dy = 0; a, = F [71 (1+sm Or +ta HQL) (1+RL)

cos O cos 0y,

- All consistent for whatever reflection and transmission!
- What is missing?




Boundary Condition in the IR

- We need to impose a no-outqgoing wave condition-

- For example, consider the traceless part of the extrinsic
curvature

outgoing
2 ~
> AW € igxT 2 1 14sin Oy (1+Ry) N
T+ _QnGNo-e +0(E ) ai_mTL(cosBR itanel‘)_cosBL Xt=ttz

\ ingoing

a, =0= —

211 1
J, = [ T 87TGJ]

Universality! — result is (A ETE 7
independent of the frequency




Summary and Outlook

- Enerqy reflection and transmission are universal in
holographic interfaces-

-In the thin brane model the transmission is fixed by
the tension-

- In general boundary entropy and enerqy transmission
will differ-

- Universality — try to shoot other things at the
interface:

- Higher dimensional scattering?

- Under which conditions would there be a relation
between enerqy and information transfer? Especially
interesting in the context of the Paae curve nf black

/70/6 evaporation° Lots to eXP/or-e./}




Thank you for listening!
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